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SUMMARY 

A low-speed inves t iga t ion  has been made t o  study t h e  e f f e c t s  of h i g h - l i f t  
devices (leading-edge and t ra i l ing-edge  f l aps )  on t h e  longi tudina l  s t a b i l i t y  and 
t r i m  c h a r a c t e r i s t i c s  of an outboard- ta i l  supersonic t r anspor t  configuration. 
e f f e c t s  on t h e  p i t c h  c h a r a c t e r i s t i c s  of varying t h e  gap between t h e  wing and f l a p s  
were a l s o  inves t iga ted .  A b r i e f  study was made t o  determine t h e  e f f e c t  of 
leading-edge-flap de f l ec t ion  on the  lateral s t a b i l i t y  de r iva t ives  of t h e  model. 

The 

The r e s u l t s  ind ica ted  t h a t  t he re  w a s  an appreciable loss  i n  longi tudina l  sta- 
b i l i t y  i n  going from low t o  moderate l i f t  coe f f i c i en t s  f o r  t he  model with t h e  
f l a p s  undeflected. 
of s t a b i l i t y ,  and t h e  model was highly unstable a t  l i f t  coe f f i c i en t s  above about 
0.8. 
f ac to ry  low-speed longi tudina l  s t a b i l i t y  cha rac t e r i s t i c s .  

Deflection of t he  trail ing-edge f l a p s  caused f u r t h e r  l o s ses  

Additional development work would be needed, therefore ,  t o  provide satis- 

INTRODUCTION 

The National Aeronautics and Space Administration has inves t iga ted  a number 
of supersonic t r anspor t  configurations a s  pa r t  of a research program t o  assess  
t h e  t e c h n i c a l  and economic f e a s i b i l i t y  of developing a supersonic commercial a i r  
t r anspor t  (SCAT). One p a r t  of the  present research e f f o r t ,  i n  t h e  supersonic 
region, i s  t o  develop a configuration which i s  capable of achieving c ru i se  speeds 
of Mach 2 t o  Mach 3 economically f o r  bo th  domestic and t rans-At lan t ic  t r a v e l .  
Ex i s t ing  a i r l i n e  f a c i l i t i e s ,  such as landing f i e l d s  and approach systems, d i c t a t e  
t h a t  i n  addi t ion  t o  t h i s  requirement, a su i tab le  supersonic t r anspor t  must possess 
subsonic c a p a b i l i t i e s  comparable t o ,  o r  exceeding, those of present-day subsonic 
t r anspor t s .  A v a r i e t y  of design concepts, including both  fixed-geometry and 
variable-geometry wings, have been evaluated i n  t h e  e f f o r t  t o  s a t i s f y  t h e  prereq- 
u i s i t e s  of an acceptable supersonic t ranspor t .  Results of other wind-tunnel 
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i nves t iga t ions  dealing with both the  subsonic and supersonic c h a r a c t e r i s t i c s  of 
supersonic t r anspor t  configurations are presented i n  reference 1 t o  6. 

The present i nves t iga t ion  i s  concerned with a supersonic t r anspor t  configu- 
r a t i o n  having the  t a i l  surfaces located outboard of t h e  wing t i p s  (designated- 
SCAT a). 
outgrowth of work accomplished on supersonic bomber configurations having t a i l  
surfaces mounted on slender bodies attached t o  t h e  wing t i p s .  
r e s u l t s  fo r  these  outboard-tail  configurations a t  supersonic speeds are presented 
i n  reference 2. 
were obtained on a s impl i f ied  outboard- ta i l  model and are presented i n  r e fe r -  
ence 7. Data obtained from previous inves t iga t ions  of ou tboard- ta i l  models at  
supersonic speeds have ind ica ted  that r e l a t i v e l y  high l i f t - d r a g  r a t i o s  could be 
obtained f o r  trimmed conditions over a l a r g e  range of l ow- l i f t  s t a t i c  margins. 
However, s t a t i c  longi tudina l  i n s t a b i l i t y  occurred at moderate l i f t  coe f f i c i en t s  
a t  both subsonic and supersonic speeds ( r e f s .  8 and 9 ) .  
ga t ion  emphasis was placed on t h e  appl ica t ion  of h i g h - l i f t  devices t o  an outboard- 
t a i l  supersonic t r anspor t  configuration t o  determine t h e  long i tud ina l  s t a b i l i t y  
and t r i m  and t h e  m a x i m u m  l i f t  coe f f i c i en t  ava i l ab le  f o r  landing. 

The outboard- ta i l  t r anspor t  configuration w a s  f irst  inves t iga ted  as an 

Experimental 

Low-speed t e s t  r e s u l t s  which show e f f e c t s  of wing-flap de f l ec t ion  

I n  t h e  present i nves t i -  

This i nves t iga t ion  w a s  made i n  t h e  Langley high-speed 7- by 10-foot tunnel  
over an angle-of-attack range from approximately -lo t o  2 5 O .  
sweptback wing with an aspect r a t i o  of 1.22 and w a s  equipped with leading-edge 
f l a p s  and extended t ra i l ing-edge  f l aps .  
number of approximately 2.69 x lo6, based on the  mean aerodynamic chord. 
e f f e c t s  of h i g h - l i f t  devices on t h e  long i tud ina l  s t a b i l i t y  c h a r a c t e r i s t i c s  and 
maximum l i f t  coe f f i c i en t  ava i l ab le  f o r  landing were assessed by applying leading- 
edge f l a p s  and t ra i l ing-edge  f l a p s  t o  t h e  b a s i c  model. 
between the f l a p s  and wing were var ied  t o  measure t h e  e f f e c t  on t h e  p i t c h  charac- 
t e r i s t i c s  of t he  model. Lateral s t a b i l i t y  de r iva t ives  were determined f o r  t h e  
model w i t h  the t ra i l ing-edge  f l a p s  undeflected. 

The model had a 60' 

The tes t s  were conducted at  a Reynolds 
The 

I n  addi t ion ,  gap widths 

SYMBOLS 

The data of t h i s  i nves t iga t ion  are referred t o  t h e  system of  axes i l l u s t r a t e d  
i n  f igure  1. 
from the  nose of the  model. The c o e f f i c i e n t s  are based on t h e  sum of t h e  wing and 
ho r i zon ta l - t a i l  areas including t h e  area in t e rcep ted  by t h e  fuse lage  and t h e  
bodies a t  t h e  wing t i p s .  The reference chord used i n  t h e  reduction of d a t a  i s  t h e  
mean aerodynamic chord based on composite wing and ho r i zon ta l  ta i l .  Coeff ic ien ts  
and symb01.s a re  defined as follows: 

Moment c o e f f i c i e n t s  a r e  r e f e r r e d  t o  a po in t  loca ted  59.63 inches 

CL 

CD 

L i f t  l i f t  coe f f i c i en t ,  - 
qs  

Drag drag coe f f i c i en t ,  - 
q s  
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Pitching moment 
pitching-moment coef f ic ien t ,  -- qsc 

Rolling moment rolling-moment coef f ic ien t ,  
q* 

yawing-moment coef f ic ien t ,  Y a w i n g  moment 
qsb 

Side force  
ss side-force coef f ic ien t ,  

($)Pd40 
effect ive-dihedral  parameter, 

( 3 , & 4 0  
d i rec t iona l -  s t  a b i l i t y  parameter, 

side-force parameter, 

\ 

span of wing p lus  hor izonta l  t a i l s ,  f t  

chord of wing, f t  

chord of leading-edge flap measured i n  streamwise d i rec t ion ,  f t  

m e a n  aerodynamic chord of wing plus  hor izonta l  t a i l ,  f t  

mean aerodynamic chord of horizontal  t a i l ,  f t  

mean aerodynamic chord of wing a lone ,  f t  

ho r i zon ta l - t a i l  incidence angle r e l a t ive  t o  center  l i n e  of fuselage 
(pos i t i ve  when t r a i l i n g  edge i s  down), deg 

free-stream dynamic pressure,  lb/sp f t  

area of wing p lus  area of horizontal  ta i ls ,  sq f t  

angle of a t t ack  of fuselage center l i n e ,  deg 

angle of s ides l ip ,  deg 

de f l ec t ion  of extended trail ing-edge f l a p  (pos i t i ve  when t r a i l i n g  edge 
i s  down), deg 
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0 .  m.* e e . 
6n de f l ec t ion  of leading-edge f l a p  with respect t o  wing chord i n  f r e e -  

stream d i r e c t i o n  (pos i t i ve  when leading edge i s  down), deg 
. .  * .  . . . 

MODEL AND AI?PAR!CUS 

Figure 2(a)  i l l u s t r a t e s  t he  general  arrangement of t h e  bas i c  model used i n  
t h i s  inves t iga t ion ,  and t h e  pe r t inen t  geometric c h a r a c t e r i s t i c s  of the  model 
l i f t i n g  surfaces a re  presented i n  t a b l e  I. The fuselage and wing-tip bodies were 
made of mahogany and aluminum, and the  wing, t a i l  surfaces,  and f l a p s  were made 
of aluminum. 

The wing of t h e  model had modified double-wedge sec t ions ,  a leading-edge 
sweepback of 60°, and an aspect r a t i o  of 1.22. The wing w a s  made up of t h r e e  
p a r t s  of equal chord length :  t h e  forward and after por t ions  of t h e  wing were 
wedges and t h e  center  por t ion  had a constant th ickness  of 0.02%. 
t a ined  no tw i s t  bu t  had a d ihedra l  angle of -5'. 
fuselage center l i n e  a t  an incidence angle of 2 O ,  leading edge up. 
were made t o  replace t h e  forward 0.24& por t ion  of t h e  leading edge of t h e  wing 
with single-wedge f l a p s  with an aspect r a t i o  of 1.75. When def lec ted  t h e  leading- 
edge f l a p s  were f ixed  t o  t h e  wing at  an angle of 30°, leading edge down, by means 
of brackets or ien ted  i n  t h e  streamwise d i r e c t i o n .  Extended t ra i l ing-edge  f l a p s  
were provided which could be a t tached  by bracke ts  t o  t h e  t r a i l i n g  edge of t h e  
wing at ang le s  of 30' or 4 5 O ,  t r a i l i n g  edge down. The t ra i l ing-edge  f l a p s  had a 
constant chord and an aspect r a t i o  of 2.32. The leading-edge f l a p  and t r a i l i n g -  
edge f l a p  a re  i l l u s t r a t e d  i n  f i p r e  2(b) .  

The wing con- 
The wing w a s  i nc l ined  t o  t h e  

Provisions 

The wing-tip bodies were inc l ined  lo nose up with respect t o  t h e  fuselage 
center  l i n e  and had a f ineness  r a t i o  of 14.67. The after end of the  v e r t i c a l  
t a i l s  was mounted even with t h e  end of t h e  wing-tip bodies and t h e  v e r t i c a l  t a i l s  
were toed out 1.5' with respec t  t o  the  fuse lage  center  l i n e .  The outboard s ide  
of t h e  v e r t i c a l  t a i l s  w a s  on t h e  outboard s ide  of t h e  wing-tip bodies and was 
f l a t  t o  minimize t h e  gap between t h e  v e r t i c a l  and ho r i zon ta l  t a i l  sur faces  when 
t h e  hor izonta l  t a i l  w a s  def lec ted .  
l i n e  through a de f l ec t ion  range from 0' t o  - l 5 O .  
w a s  -3'. 

The hor i zon ta l  t a i l s  pivoted about t h e  0.25ch 
Dihedral of t h e  ho r i zon ta l  t a i l  

The model w a s  mounted i n  t h e  Langley high-speed 7- by 10-foot t unne l  on a 
variable-angle s t i n g  which w a s  i n se r t ed  i n t o  t h e  engine pack a t  t h e  r e a r  of t h e  
fuselage.  Provision w a s  made f o r  i n t e r n a l  flow through t h e  two air  duc ts  on t h e  
s ides  of the fuselage.  The f o r c e s  and moments a c t i n g  on t h e  model were measured 
wi th  a six-component strain-gage balance a t tached  t o  t h e  s t i n g  wi th in  t h e  fuselage.  

TESTS AND CORRECTIONS 

The inves t iga t ion  w a s  made at a dynamic pressure  of 30.0 pounds p e r  square 
f o o t ,  which corresponds t o  an airspeed of about 140 miles pe r  hour. The tes t  con- 
d i t i o n s  produced a Reynolds number of approximately 2.69 x 106 based on t h e  mean 
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aerodynamic chord of t he  combined wing and horizontal  t a i l .  
a t t ack  range w a s  from approximately -1' t o  25O. 
ducted through a range of angle of a t t a c k  a t  s ides l ip  angles  of 4' and -4' with a 
ho r i zon ta l - t a i l  incidence of -5'. 

The t e s t  angle-of- 
L a t e r a l - s t a b i l i t y  tes ts  were con- 

All angles  of a t t ack  and s i d e s l i p  have been corrected f o r  de f l ec t ion  of the  
balance and s t i n g  combination due t o  aerodynamic load. 
and blockage cor rec t ions  have not been applied t o  the  data inasmuch as these  cor- 
r ec t ions  are believed t o  be small f o r  t he  present per fora ted-s lo t  configuration 
used i n  the  Langley high-speed 7- by 10-foot tunnel. No measurements were made 
of i n t e r n a l  flow through the  ducts,  and t h e  drag coe f f i c i en t s  have been corrected 
f o r  balance-chamber pressure only. 

The usual  jet-boundary 

RESULTS 

The results obtained i n  t h i s  inves t iga t ion  indicated t h a t  t he re  w a s  an appre- 
c i ab le  l o s s  i n  longi tudina l  s t a b i l i t y  i n  going from low t o  moderate l i f t  coef f i -  
c i e n t s  for t he  model with the  f l a p s  undeflected. 
edge f l a p s  caused f u r t h e r  l o s ses  of s t a b i l i t y ,  and the  model w a s  highly unstable 
a t  lift coe f f i c i en t s  above about 0.8. Additional development work would be 
needed, t he re fo re ,  t o  provide s a t i s f a c t o r y  low-speed longi tudina l  s t a b i l i t y  
c h a r a c t e r i s t i c s .  

Deflection of t he  t r a i l i n g -  

The f i g u r e s  present ing t h e  r e s u l t s  are as follows: 

Aerodynamic c h a r a c t e r i s t i c s  i n  p i t c h  of t he  bas ic  model. 

Aerodynamic c h a r a c t e r i s t i c s  i n  p i t c h  of  t h e  model with t ra i l ing-edge  

Aerodynamic c h a r a c t e r i s t i c s  i n  p i t c h  of t h e  model with leading-edge 

Aerodynamic c h a r a c t e r i s t i c s  i n  p i t c h  of t h e  model with leading-edge 

Ef fec t  of s ea l ing  t h e  gap a t  t h e  wing leading-edge f l a p s  on t h e  aero- 

6f = oo; tjn = oo . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
f l a p s  def lected.  Gf = 4 5 O ;  6, = 0 0 . . . . . . . . . . . . . . . . . .  . 
and t ra i l ing-edge  f l a p s  def lected.  €if = 45'; 6, = 30' . . . . . . . . .  
and t ra i l ing-edge  f l a p s  def lected.  6f = 30°; = 30' . . . . . . . . .  
dynamic c h a r a c t e r i s t i c s  i n  p i t c h  of t h e  model. 
i t = - >  O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c h a r a c t e r i s t i c s  i n  p i t c h  of the  model with the  leading-edge f l a p s  
def lec ted .  

d e r i v a t i v e s  of the  model. 

6f = 0'; 6, = 30'; 

Effec t  of gap width at t h e  t ra i l ing-edge f l aps  on the  aerodynamic 

6f = 30°; 6, = 30°; it = -15' . . . . . . . . . . . . . . .  
Effec t  of leading-edge f l a p  def lec t ion  on the lateral  s t a b i l i t y  

6f = 0'; it = -5' . . . . . . . . . . . . . .  

Figure 
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Langley Research Center, 
Nat ional  Aeronautics and Space Administration, 

Langley S ta t ion ,  Hampton, Va . ,  July 1963. 
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I . 

Wing plus hor izonta l  t a i l s  (used i n  reduction of da ta ) :  
Arqa. sq  f t  7.2406 
Span. f t  4.2547 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.1010 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Wing: 
Area. sq  f t  6.1356 
Span. f t  2.7395 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.3324 
Aspect r a t i o  1.2232 
Taper r a t i o  0.4781 
Leading-edge sweepback. deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  60.00 
Trailing-edge sweepback. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  30.00 
Dihedral. deg -5.00 
Incidence. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.00 
A i r f o i l  sect ion . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 l  percent th ick  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.F 

Horizontal t a i l  (one panel) : 
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 0.5525 

Span. f t  . 0.7576 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.8165 
Aspect r a t i o  1.0388 
Taper r a t i o  0.2500 
Leading-edge sweepback. deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  60.00 
Trailing-edge sweepback. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  30.00 
Ai r fo i l  sec t ion  . . . . . . . . . . . . . . . . . .  26  - percent-thick p l a t e  with rounded 

leading edge and beveled t r a i l i n g  edge 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Vert ica l  t a i l  (one panel): 
Area. s q  f t  0.4667 
Span. f t  0.5850 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.9005 
Aspect r a t i o  0.7332 
Taper r a t i o  0.2331 
Leading-edge sweepback. deg 35-00 
Ai r fo i l  sec t ion  . . . . . . . . . . . . . . . . .  21-  percent-thick p l a t e  with t r a i l i n g  

edge beveled on inboard s ide  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 

Extended t ra i l ing-edge  f l a p  (one panel) : 
Area. s q  f t  0.3530 
Span. f t  0.9050 
Aspect r a t i o  2.3202 
Taper r a t i o  1.0000 
A i r f o i l  sec t ion  . . . . . . . . . . . . . .  5-percent-thick a i r f o i l  with f l a t  underside 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Leading-edge f l a p  (one panel) : 
Area. sq  f t  0.4174 
Span. f t  0.8542 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4982 
Aspect r a t i o  1.7478 
Taper r a t i o  0.6113 
A i r f o i l  s ec t ion  . . . . . . . . . . . . . .  Single-wedge extension of wing leading edge 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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(a) General arrangement. 

Figure 2.- Outboard-tail supersonic t ranspor t  configurat ion.  
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(a)  Concluded. 

Figure 2.- Continued. 
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(b) Details of wing flaps. 

Figure 2.- Concluded. 
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Figure 3.- Aerodynamic characteristics in pitch of the basic model. 
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Figure 3.- Concluded. 
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Figure 4.- Aerodynamic characteristics in p i t c h  of the model w i t h  trailing-edge flaps deflected. 
6f = 450; 6, = 00. 
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Figure 4. - Concluded. 
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Figure 3 . -  Aerodynamic c h a r a c t e r i s t i c s  i n  p i t c h  of t h e  model wi th  leading-edge and 
t ra i l ing-edge f l a p s  def lec ted .  6f = 45'; S, = 30°. 
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Figure 6.- Aerodynamic characteristics in pitch of the model with leading-edge and 
trailing-edge flaps deflected. 6f = 30'; 6, = 30°. 
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Figure 7.- Effec t  of seal ing t h e  gap at  t h e  wing leading-edge f l a p s  on t h e  aerodynamic 
c h a r a c t e r i s t i c s  i n  p i t c h  of t h e  model. 6f = Oo; 6, = 30'; it = -5'- 
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Figure 7.- Concluded. 
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Figure 8.- Effect of gap width at the trailing-edge flaps on the aerodynamic characteristics in pitch 
of the model with the leading-edge flaps deflected. 6f = 30°; S, = 50'; it = -15O. 

--.lb).dLIT- 



-4 0 .2 .6 .8 A0 L2 1.4 L 6  

CL 

Figure 8.- Concluded. 
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Figure 9.- Effec t  of leading-edge f l ap  d e f l e c t i o n  on t h e  l a t e r a l  s t a b i l i t y  d e r i v a t i v e s  of 
t h e  model. 6f = Ou; it = -50. 
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